TITLE OF THE INVENTION 

SEMICONDUCTOR DEVICE AND METHOD OF FABRICATING THE SAME 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a method of obtaining a 
crystalline semiconductor used for thin film devices such as a 
thin film insulated gate t3^e field effect transistor (thin film 
transistor or TFT). 

Description of the Related Art 

Conventionally, a crystalline semiconductor thin film used 
for thin film devices such as a thin film insulated gate type 
field effect transistor (TFT) has been fabricated by 
crystallizing an amorphous silicon film formed by a plasma CVD 
method or thermal CVD method at a temperature of more than 600 "C 
in an apparatus such as an electric furnace. 

This conventional method, however, has had various problems. 
The biggest problem has been that it is difficult to obtain a 
- good product because the crystalline silicon film obtained is 
polycrystal and there is difficultly in controlling its * grain 
boundary, and its reliability and yield is not so high because of 
its dispersion characteristic. That is, because the silicon 
crystals obtained by conventional heat treatment grow totally at 
random, it has been almost impossible to control the direction of 
its crystal growth. 

Accordingly, it is an object of the present invention to 
solve the aforementioned problems by providing a method for 
controlling the growth of the cryst^al. 

SUMMARY OF THE INVENTION 

According to the present invention, crystal growth " is 



controlled, and a TFT having high reliability and high yield is 
obtained, by forming a gate electrode on a silicon, film in an 
amorphous state or in a random crystal state (for example a state 
in which portions having good crystallinity and amorphous 
portions exist in a mixed state) which can be said to be a 
substantially amorphous state, by forming impurity regions 
within the silicon film using the gate electrode as a mask, 
forming regrons containing at least one of nickel, iron, cobalt 
platinum or palladium so that they adhere on part of the impurity 
regions, and by annealing the whole to crystallize it starting 
"""from~the" region ""co'ntaining' nickelT 

In particular, the present invention allows substantial 
elimination of the grain boundary between the source and drain 
and the active layer and to obtain a good characteristic by 
advancing the crystallization of the source and drain at the same 
time as the crystallization of the active layer (channel fiorming 
region) . 

A method of growing a crystal of silicon film epitaxially in 
solid phase centering on a crystalline island film as a nucleus 
or as a seed crystal has been proposed as a prior art method (for 
example, Japanese Patent Laid-Open No. 1-214110, etc.). However, 
it has been difficult to suppress crystal growth from other sites 
even if the crystal nucleus exists. That is, because the 
annealing temperature for growing the crystal is a temperature 
suited for fully generating the crystal nucleus, the .crystal 
often starts to grow from unexpected locations. 

The inventor of the present invention found that nickel 
(Ni), cobalt, iron platinum and palladium are readily coupled 
with silicon and that the crystal would grow centering on them. 
The inventor noticed that nickel is readily made into nickel 
silicide (NiS^, 0.4 < x < 2.5) and that the lattice constant 
of the nickel silicide is close to that 'of silicon crystal;' then 
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devised a method of growing a silicon crystal centering on the 
nickel silicide- Actually, the crystal growing temperature could 
be lowered by 20 *C to 150 *C compared to that of the conventional 
method. Because no crystal nucleus was produced in a pure 
silicon film at this temperature, crystals did not grow from 
unexpected locations. It was assumed that the crystal grew from 
the crystal nucleus by the same mechanism as the conventional one 
and that the higher the temperature, the faster the speed of 
advancement of the crystallization, at temperatures at which 
crystal nuclei did not grow naturally (preferably less than 
"~580'C)"." "A similar effect was seen also with iron (Fe) , cobalt 
(Co) platinum (Pt) and palladium (Pd) . 

According to the present invention, a film or the like 
containing a simple substance of nickel, iron, cobalt, platinum 
or palladium or their silicides, acetates, nitrates and other 
organic acid salts is adhered to the impurity regions of the thin 
film transistor,' and the region of the crystal silicon is 
expanded away therefrom as the starting point. By the way, oxide 
is no-t preferable as the material containing the aforementioned 
material because oxide is a stable" compound and a silicide which 
is likely to become the crystal nucleus is not produced 
therefrom. 

The crystal ' silicon which expands thus from a specific 
location has a structure close to a monocrystal having good 
continuous crystallinity • A better result could be obtained with 
an amorphous silicon film having less hydrogen concentration 
serving as the starting material for crystallization. However, 
because hydrogen was released as crystallization advanced, no 
clear correlation could be seen between the hydrogen 
concentration within the silicon film obtained and that of the 
amorphous silicon film as the starting material. The hydrogen 
concentration with.in the crystal silicon' of the present invdntaon 
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was typically nxore than 1 x 10^^ atoms cm" O.Ol atomic % and 
-less than 5 atomic %. 

While a heavy metal material such as nickel, iron, cobalt or 
platinum or palladiiun is used in the present invention, those 
material themselves are not suitable for silicon as a semi- 
conductor material. It is therefore necessary to remove them if 
those elements are contained in excess. It was found from a 
result of the study conducted by the inventor that nickel can be 
fully removed by annealing it in an atmosphere of hydrogen 
chloride, various methane chlorides (CH3Ci etc.)i various ethane 
chlorides (C2H3CI3 etc-j— and -various . ethylene chlorides (C2HGI3 , 
etc) at 400 to 650*C. It was found that the concentration of 
nickel, iron, cobalt, platinum or palladium within the silicon 
film of the present invention was preferably set at 1 x 10^^ cm"^ 
to 1 atomic %, or the minimum concentration of nickel, iron, 
cobalt, platinum and palladium was more preferably 1 x 10 cm"*^ 
to 1 X 10^^ cm^^ with a measured value of SIMS. Crystallization 
does not fully advance at a concentration less than this range 
and, '^conversely, characteristics and reliability are degraded 
when the concentration exceeds this range. 

Various physical and chemical methods may be used for 
forming film nickel, iron, cobalt, platinum or palladium. They 
are, for example, those methods which require vacuum equipment 
such as a vacuum deposition method, sputtering method and CVD 
method and those methods which may be performed in air such as a 
spin coating method, dip method (application method)', doctor 
blade method, screen printing method and spray thermal 
decomposition method. 

Even though the spin coating method and dip method require 
no particular facility, they allow production of a film having a 
homogeneous film thickness and minute control of the 
concentration. As a solution used for these means, wh'^tever 
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acetates, nitrates or various carboxylic acid salts or other 
organic acid salts of nickel, iron, cobalt ^ platiniM or palladiim 
dissolve or diffuse in water, various alcohols (low and high 
grades) and petroleums (saturated hydrocarbons or unsaturated 
hydrocarbons) may be used. 

In such a case, however, there has been the possibility that 
oxygen and carbon contained in those salts might diffuse within 
the silicon filni, degrading the semiconductor characteristics. 
However, as a result of research advanced by a thermobalance 
method and differential thermal analysis, it was confirmed that 
they are"~ decomposed into oxide or a simple substance in an 
adequate material at a temperature of less than 450*C, and that 
they would not diffuse into the silicon film thereafter- When 
such low order substances as the acetate and nitrate were heated 
under a reduced atmosphere such as a nitrogen atmosphere, they 
decomposed at less than 400'C and became a simple metallic 
substance. Similarly, it was observed that when they were heated 
in an oxygen atmosphere, oxide was initially produced and 
eventually become a metallic simple substance as oxygen desorbed 
at higher temperatures. 

The manner in which the foregoing and other objects of the 
present invention are accomplished will become apparent from the 
accompanying specification and claims, taken together with the 
drawings . 

BRIEF DSSCHIFTION OF THE DRAWINGS 

FIGs. 1(A) to 1(C) are section views showing a process of an 
embodiment of the present invention (refer to first embodiment); 

FIGs. 2(A) to 2(D) are section views showing a process of an 
embodiment of the present invention (refer to second embodiment); 

FIGs. 3(A) to 3(D) are section views showing a process of an 
embodiment of the present invention (ref er to third embodimentT) ; 
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FIGS. 4(A) to 4(D) are section views showing a process of an 
embodiment of the present invention (refer to fourth embodiment); 
and 

FIG. 5 is a graph showing nid^el concentration within 
crystal silicon (refer to fourth embodiment). 

DETAILED DESCRIPTION OF PREFERRED EM BODIMENTS 

Referring now to the drawings, preferred embodiments of the 
present invention will be explained. 



[First Embodiment] 

A ground silicon oxide film 11 having a thickness of 2000 
angstroms was formed on a substrate (Corning 705 9) 10 by a plasma 
CVD method. Further, an amorphous silicon film having a 
thickness of 200 to 3000 angstroms or preferably 500 to 1500 
angstroms was fabricated by a plasma CVD or vacuum CVD method. 
The amorphous silicon film could be easily crystallized by 
reducing hydrogen concentration within the film to less . than 5 
atomic %-by dehydrogenizing it by annealing for 0.1 to 2 hours at 
a temperature of from 350 -to 450-C. It was then patterned to 
form an island silicon region 12. Then a silicon oxide film 13 
having a thickness of 500 to 1500 angstroms which functions as a 
gate insulating film was formed by a RF plasma CVD, ECR plasma 
CVD or sputtering method. A favorable result could be obtained 
by using TEOS (tetraethoxisillane) and oxygen as original gases 
when the plasma CVD method was adopted. Then a tantalum film 
(5000 angstroms thick) containing 1% of silicon was deposited by 
a sputtering, method and was patterned to form gate wiring and an 
electrode 14. Titanixim, silicon, chromium or. al-uminum may be 
used as the material of the gate electrode. 

Then, the substrate was soaked in an ethylene ^glycol 
solution of 3 % tartaric acid and was anodized by setting 
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platinum as the cathode and tantalum wire as the anode and 
circulating a current therebetween. The current was applied such 
that its voltage rises 2V/inin. and becomes constant when it 
reaches 220 V. The current was stopped when it was reduced to 
less than 10 micro k/m^ . As a result, an anodic oxide (tantalum 
oxide) 15 having a thickness of 2000 angstroms was formed. 
Similarly, titanium oxide, aluminum oxide or silicon oxide can be 
obtained as an anodic oxide when titanium, aluminum or^ silicon is 
used for the gate electrode (FIG. 1(A)). 

Next, an impurity was introduced by a plasma doping .method. 
~For'"the doping gas, phosphine (PHg) was used for a N type TFT and 
diborane (BgHg) was used for a P type TFT. The N. type TFT is 
shown in the figure. The acceleration voltage was SO keV for 
phosphine and 65 keV for diborane. Impurity regions i6A and 16B 
were thus formed. At this time, the impurity regio-as-^-and the 
gate electrode were offset as seen in the figure. Further, holes 
were created on the silicon oxide film 13 on the impurity regions 
to form nickel silici-de (or nickel) films 17A and ' ITB .so that 
they " adhere -to the semiconductor region -12 through - the. -holes . 
Then annealing was ' carried out in a nitrogen atmosphere , at - 550 ' C 
for four hours to crystallize the impurity regions 16 and other 
semiconductor regions (FIG. 1(B)). 

Finally, • a .silicon 'oxide film having a thickness of 5000 
angstroms was deposited as an Interlayer insulator 18 in the same 
manner as the fabrication method of normal TFTs, and contact 
holes were created- therethrough to form, wiring and electrodes 19A 
and 19B on the source and drain regions. Aluminiim, titanium, 
tltaniinn nitride or a multilayer film thereof is suitable for the 
wiring and electrode material. A multilayer film of titanium 
nitride (1000 ' angstroms thick) and- aluminum (5000 angstroms 
thick) was used in this embodiment (FIG. 1(C)). 

The TFT (N-channel type in the figure) was fabricated 
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through the process described above. The field effect mobility 
of the TFT obtained was 40 to 60 cm^/Vs in the N-channel type and 
30 to 50 cm^/Vs in the P-chaiinel type. Further, the threshold 
voltage, field effect mobility and sub-threshold characteristic 
barely changed and high reliability could be obtained even when a 
voltage of from 17 to 25 V was applied for 48 hours between the 
gate and the drain, . This is because the source, drain and 
channel forming region (the semiconductor region under the gate 
electrode) were crystallized simultaneously and their direction 
of crystallization is the same. 



[Second Embodiment] 

A ground silicon oxide film 21 having a thickness of 2000 
angstroms was formed on a substrate (Corning 7059) 20 by a plasma 
CVD method. Further, an amorphous silicon film having a 
thickness of 200 to 3000 angstroms or preferably 500 to 1500 
angstroms was fabricated by a plasma CVD or vacuum CVD method. 
The amorphous silicon film could be easily formed by reducing the 
hydrogen -.concentration within the film to less than 5 atomic % by 
dehydrogenizing it by annealing for 0.1 to 2 hours at 350 to 
450 It was then patterned to form an island silicon region 
23. Then a silicon oxide film 24 having a thickness of 500 to 
1500 angstroms which functions as a gate insulating film was 
formed by a RF plasma CVD, ECR plasma CVD or sputtering method. 
A favorable result could be obtained by using TEOS 
( tetraethoxisillane) and oxygen as original gases when the plasma 
CVD method was adopted. Then a polycrystal silicon film (5000 
angstroms thick) containing 1 % to 5 % of phosphorus was 
deposited by a LPCVD method and patterned to form gate wiring and 
electrodes 25A and 25B (FIG. 2(A)), 

After that, an impurity was diffused thereinto by an ion 
doping method to form N type impurity regions 2 6A and P type 
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iinpurity regions 26B, At this tims, phosphorus (doping gas is 
phosphine PH3) can be used as the N type impurity for example to 
dope on the whole surface with 60 to 110 kV or 80 kV of 
acceleration voltage, for example, and then boron for example 
(doping gas is diborane B2HQ) could be used as the , P type 
impurity doped at an acceleration voltage of 40 to 80 kV or 65 
kV, for example, to cover the region of the N channel type TFT by 
photoresist. 

Further, holes were created in the silicon oxide film 24 on 
the impurity regions to form -nickel silicide (or nickel) films 
27~A~"and' 27B having a thickness of 200 to 1000 angstroms or 300 
angstroms, for example, so that they adhere to ^ the impurity 
regions 26 through the holes. Then annealing was carried out in 
a nitrogen atmosphere at 550 *C for four hours to crystallise the 
impurity regions 26 and other semiconductor regions. At this 
time, the crystal growth advances from both ends of the island 
semiconductor region and finishes around the middle thereof. 
Accordingly, no grain boundary was produced in the .channel 
forming region 'and no detrimental effects were imposed on. the 
characteristics of the TFT (FIG.. 2(B)). 

Alternatively, a nickel silicide film 27 C may be provided 
in the middle of the island semiconductor region as-^^ahown in FIG, 
2(C)- In this case, crystallization advances from the center 
(FIG. 2(C)). _ 

Finally, a silicon oxide film having a thickness of 5000 
angstroms was deposited as an inter layer insulator 28 in the same 
manner as the fabrication method of normal TFTs , and contact 
holes were created therethrough to form wiring and electrodes 
29A, 29B and 29C on the source and drain regions. Aluminum, 
titanium, titanium nitride or a multilayer film thereof is 
suitable for the wiring and electrode material, A multilayer 
film of titanium nitride (1000 angstroms thick) and aluminum 
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(5000 angstroms thick) was used in this case. 

The CMOS t3?pe TFT was fabricated by the process described 
above. Then a shift register was fabricated using a CMOS circuit 
thus fabricated to study its operating characteristics. As a 
result, the maximum operating frequency was 11 MHz when the drain 
voltage was 15 V and IS MHz when the drain voltage was 17 V. 

[Third Embodiment] 

The present embodiment relates to an arrangement in which 
the crystallinity of the semiconductor region is further improved 
by annealing it by radiating it with las'eF ~beams""'f ollowing 
crystallisation by means of heating, as in the process of the 
first embodiment. 

The fabricating process thereof will be explained below, 
referring to FIG. 3. A ground silicon oxide film 31 having a 
thickness of 2000 angstroms was formed on a substrate ('Corning 
7059) 30 by a plasma CVD method. Further, an amorphous silicon 
film having a thickness of 200 to 3000 angstroms or preferably 
500 to 1500 angstroms was- fabricated by a plasma CVD or vacuum 
CVD method. The amorphous silicon film could be easily 
crystallized by reducing hydrogen concentration within the film 
to less than 5 atomic % by dehydrogenizing it by annealing for 
0.1 to 2 hours at 350 to 450 ""C. It was then patterned to form an 
island silicon region 32. Then a silicon oxide film 33 having a 
thickness" of 500 to 1500 angstroms which functions as a gate 
insulating film was formed by a RF plasma CVD, ECR plasma CVD or 
a sputtering method, A favorable result could be obtained by 
using TEOS (tetraethoxisillane) and oxygen as original gases when 
the plasma CVD method was adopted. 

Then a tantalum film (5000 angstroms thick) containing 1% 
silicon was deposited by a sputtering method and patterned to 
form gate wiring and an electrode 34, Titanium, silicon, 
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chromium or aluminimi may be used as the material of the gate 
electrode . 

Then the substrate was soaked in an ethylene glycol solution 
of 3 % tartaric acid and was anodized by setting platinum as the 
cathode and a tantalum wire as the anode and circulating a 
current therebetween- The current was applied so that its 
voltage rises 2V/min. and becomes constant when it reaches 220 V, 
The current was stopped when it was reduced to 10 micro A/m . As 
a result, an anodic oxide (tantalum oxide) 35 having a thickness 
of 2000 angstroms was formed. Similarly, titanium oxide, 
aluminum -'oxide -"or silicon oxide can be obtained as the anodic 
oxide when titanitim, aluminum or silicon is used for the gate 

electrode (FIG. 3(A)). 

Next, an impurity was introduced by a plasma doping method. 
AS a doping gas, phosphine (PH3) was used for the N type TFT and 
diborane (BgHg) was used for the P type TFT, The N type TFT is 
shown in the figure. The acceleration voltage used was 80 keV 
for phosphine and 65 keV for diborane. Impurity regions 36A and 
36B were. thus formed. At .this time, the impurity regions and the 
gate electrode are offset as seen in the figure. Further, holes 
were created in the silicon oxide film 33 on the impurity regions 
to form nickel silicide (or nickel) films 37A and 37B so that 
they adhere to the semiconductor region 3 2 through the holes. 
Then annealing was carried out in a nitrogen atmosphere at 550 'C 
for four hours to crystallize the impurity regions 36A and 3SB 
and other semiconductor regions (FIG. 3(B)). 

Next, crystallization was promoted by radiating 'a KrF 
exciraer laser (wavelength: 248 nm, pulse width: 20 nsec) thereon. 
Laser beam irradiation was carried out here in two shots with 200 
to 400 mJ/cm^ of energy density or 250 mJ/cm^ of energy density. 
Further, at this time, the laser beam was radiated while heating 
the substrate up to 300 "C to increase the effect of the laser 
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beam radiation. The substrata may be heated up to a temperature 
of between 200°C and 450'C. 

XeCl (wavelength: 308 sun), ArF (wavelength: 193 nm) or the 
like may be used as the laser beam. It is also .possible to 
^■-radiate a strong light instead of a laser beam. RTA - (rapid 
thermal annealing) performed by radiating an infrared beam for a 
short time is particularly useful because it allows the silicon 
film to be heated selectively. 

Thus a silicon film having good crystallinity may be 
obtained. As a result of such treatment, the region crystallized 
by thermal annealing b"ecame"~a siliconT" filin'~having"~ improved 
crystallinity. According to observation made through a 
transmission type electronic microscope, relatively large 
crystals of the same direction were observed in the region 
irradiated by the laser after the crystallization method of the 
present invention. 

Finally, a silicon oxide film having a thickness of 5000 
angstroms was deposited as an interlayer instfl-ator 38 in the same 
manner as the fabrication method of normal TFTs, and contact 
holes were created therethrough to form wiring and electrodes 39A 
and 39B on the source and drain regions. Alianinum, titanixim^^ 
titanium nitride or a multilayer film thereof is suitable for the 
wire and electrode material. A multilayer film of titanium 
nitride (1000 angstroms thick) and aluminum (5000 angstroms 
thick) was used in this embodiment. The TFT (N-channel type in 
the figure) was fabricated by the process described above (FIG. 
3(C)) . 



[Fourth Embodiment] 

The present embodiment is a method for introducing 
catalytic element into sm amorphous silicon film by a so^lut 

containing a catal3^ic element for accelerating crystallizatio; 
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Referring now to FIG. 4, the fabrication process thereof 
will be explained. Firstly, a ground silicon oxide film 41 
having a thickness of 2000 angstroms was formed on a 10 cm square 
substrate (Corning 7059) 40 by a plasma CVD method- The 
amorphous silicon film having a thickness of 200 to 3000 
angstroms or preferably 500 to 1500 angstroms was fabricated by a 
plasma CVD or vacuum CVD method. The amorphous silicon film 
could be easily crystallized by reducing the hydrogen 
concentration within the film to less than 5 atomic % by 
dehydrogenizing it by annealing for 0.1 to 2 hours at 350 to 

_450°c It-was -then patterned to form an island silicon- region 

42. 

Then a silicon oxide film 43 having a thickness of 500 to 
1500 angstroms which functions as a gate insulating film was 
formed by KF plasma CVD, ECR plasma CVD or a sputtering method. 
A favorable result could be obtained by using TEGS 
(tetraethoxisilane) and oxygen as original gases when the plasma 
CVD method was adopted. Then a tantalum film (5000 angstroms 
thick) containing 1% of silicon was deposited by a sputtering 
method and was patterned to form gate wiring and an electrode 44. 
Titanium, silicon, chromitim or aluminum may be used as the 
material of the gate electrode. 

Then the substrate was soaked in an ethylene glycol solution 

of 3 % tartaric acid and anodized by setting platinum as the 

cathode and a. tantalum wire as the anode and by circulating a 

current therebetween. The current was applied such that its 

voltage rises 2V/min. and becomes constant when it reaches. 220 V. 

2 

The current was stopped when it was reduced to 10 micro A/m . As 
a result, an anodic oxide (tantalum oxide) 45 having a thickness 
of 2000 - angstroms was formed. Similarly, titanium oxide, 
aluminum oxide or silicon oxide can be obtained as the anodic 
oxide when titsinium, aluminum or silicon is used for the' gate 
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electrode (FIG, 4(A)). 

Next,. an impurity was introduced by a plasma doping method. 
As a doping gas, phosphine (PH3) was used for the N type TFT and 
diborane (B2He) was used for the P type TFT. The N type TFT is 
shown in the figure. The acceleration voltage was SO keV for 
phosphine and 65 keV for diborane. Impurity regions 46A and 46B 
were thus formed. At this time, the impurity regions and the 
gate electrode are offset as seen in the figure (FIG. 4(B)). 

Further, holes were created in the silicon oxide film 43 on 
the impurity regions* Then a thin silicon oxide film 51 was 
formed by radiating an ultraviolet-'beam- thereon^ for ^- five- minutes 
in an oxygen atmosphere. The thickness of this silicon oxide 
film 51 was assumed to be around 20 to 50 angstroms. 

This silicon oxide film was formed to improve the 
wettability of a solution applied in a later process. In this 
state, 5 ml of acetate solution into which 100 ppm (reduced 
weight) of nickel was added was dripped (in the case of the 10 cm 
square substrate). At this time, a homogeneous water film 52 was 
formed on the entire surface of the substrate by spin-coating it 
for 10 seconds at 50 rpm by means of a spinner 41. Further, 
after holding the substrate for five minutes in this state, it 
was spin-dried for 60 seconds at 2000 rpm using the spinner 41. 
Incidentally, it may be held on the spinner while rotating it 
from 0 to 150 rpm (FIG. 4(C)). 

By the way, although FIG. 4(C) is drawn as if the substrate 
40 on which one TFT is provided is placed on the spinner 41, 
actually a large number of TFTs are formed on the substrate 40. 

Then, the amorphous silicon film 42 was crystallized by heat 
treating it for four hours at 550*C (in a nitrogen atmosphere). 
At this time, the crystal grew in the horizontal direction from 
the region into which nickel was introduced (the region 
contacting with an oxide film 51) to the region into whfch'"'" no 
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nickel was introduced* 

It is effective to improve the crys tal 1 ini ty of the 
crystalline silicon film by irradiating it with a laser or 
equivalent strong light to obtain the film described in the third 
embodiment. Because nickel concentration within the silicon film 
was relatively high in the third embodiment, nickel within the 
silicon film precipitated and grains of nickel silicide of around 
0.1 to 10 microns were formed within the silicon film by the 
laser radiation, thus worsening the morphology of the film. 
However, because the present embodiment allows reduction of the 
~ni""ckel~concentration to a 'greater extent" than the third 
embodiment, no nickel silicide precipitated and the film could be 
.prevented from being roughened by laser irradiation. 

FIG. 5 shows a study result on the nickel concentration in a 
region denoted by the reference number 50 after finishing the 
crystallization process in SIMS. This region is a region 
crystallized by the crystal growth from the region into which 
nickel was directly introduced and functions as a channel forming 
region of the TFT. It was confirmed that the concentration of 
nickel in the region where nickel was directly introduced 
presents a concentration higher than the concentration 
distribution shown in FIG. 5 by one digit. That is, it was 
confirmed that the nickel concentration of the channel forming 
region was less by more than one digit as compared to the nickel 
concentration of the source/drain region of the TFT after 
completion, as shown in FIG- 5. 

The nickel concentration shown in FIG. 5 can be controlled 
by controlling the nickel concentration within the solution. 
While the nickel concentration in the solution was 100 ppm in the 
present embodiment, it was found that it would be possible to 
crystallize even with 10 ppm of nickel concentration. In this 
case, the nickel concentration shown in FIG- 5 can be further 
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reduced by one digit. However, a problem arises when the nickel 
concentration within the solution is reduced, in that the 
distance of crystal growth in the horizontal direction from the 
region into which nickel is introduced is shortened. 

Finally, a silicon oxide film having a thickness of 5000 
angstroms was deposited as an interlayer insulator 48 in the same 
manner as the fabrication method of normal TFTs, and contact 
holes were created therethrough to form wiring and electrodes 49A 
and 49B on the source and drain regions. Aluminum, titanium, 
titanium nitride or a multilayer film thereof is suitable for the 
wiring and electrode' materialr-^ A-multilayer— f ilm -of -titanium- 
nitride (1000 angstroms thick) and aluminum (5000 angstroms 
thick) was used in this case. 

Although the acetate solution was used as the solution 
containing the catalytic element in the present embodiment, it is 
possible to use an aqueous solution, organic solvent solution or 
the like. Here the catalytic element may be contained not as a 
compound but merely as a dispersed substance. 

-One solvent chosen from water, alcohol, acid and ammonia, 
which are polar solvents, may be used as the solvent for 
containing the catalytic element* 

When nickel is used as the catalyst and is contained in the 
polar solvent, it is introduced as a nickel compound. As the 
nickel compound, one compound chosen from among nickel bromide, 
nickel acetate, nickel oxalate, nickel carbonate, nickel 
chloride, nickel iodide, nickel nitride, nickel sulfate, nickel 
formate, nickel acetylacetonate , nickel 4-cyclohexyl butyric 
acid, nickel oxide and nickel hydroxide is tsrpically used. 

For the solvent, one chosen from among benzene, toluene, 
xylene, carbon tetrachloride, chloroform and ether, which are 
non-polar solvents, may be used. 

In this case, nickel is introduced as a nickel compoiind. 
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One chosen compound from among nickel acetylacetonate and nickel 
2~ethylhexanodic acid is typically used as the nickel compound. 

It is also useful to add a surface active agent to the 
solution containing the catalytic element to improve its 
adhesiveness to the surface' to be applied and to control its 
adsorption. It is possible to apply the surface active agent on 
the surface to be applied beforehand. A simple substance nickel 
must be dissolved by an acid into a solution when it is used as 
the catalytic element. 

Although the case in which the solution into which nickel, 
' the c'a t aly t 'i c~ e 1 ernent", was completely dissolved was used has been 
described above, it is possltle to use materials such as an 
emulsion in which powder composed of the simple substance nickel 
or nickel compound is dispersed homogeneously within a dispersion 
medium without dissolving the nickel completely. As such a 
solution, OCD (Ohka Diffusion Source) available from Tokyo Ohka 
Kogyo Co. , Ltd. may be used. The use of the OCD solution allows 
easy formation of a silicon oxide film by applying it on the 
surface for forming the film and by baking it at around 200 ''C. 
Further, because it allows impurities to be added freely, they 
can be used. 

The aforementioned description applies also to a case 
wherein a material other than nickel is used as the catalytic 
element . 

Furthermore, the use of a non-polar solvent such as a 
toluene solution of nickel 2-ethylhexanodic acid as the solution 
allows directly application on the surface of the amorphous 
silicon film. In this case, it is effective to apply such a 
material as an adhesive used in applying resists beforehand. 
However, one must be careful not to apply the solution too much 
because doping of the catalytic element into the amorphous 
silicon is impaired. 
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While the amouBt of the catalytic element contained in the solodoa 
depends on the type of solution, it is desirable that it be 200 ppm to i ppm 
or preferably 50 ppm to 1 ppm (reduced weight) to the solution as a 
general tendency. This value is detennined in consideration of the nickel 
5 concentration within the film and hydrofluoric acid resistance after 
completion of crystallization. 

As described above, the present invention allows control of the 
direction of crystal growth, which has been difficult in the past, and allows 
remarkable improvement of the reliability and yield of thin film transistors. 
i3 10 Further, because the facilities, apparatuses and techniques necessary for the 
M present invention are very general and are excellent in terms of mass- 

iTl producibility, the present ixrvention contributes an immeasurable benefit to 

the industry. Thus the present invention is industrially beneficial and 
lii worthy of patent- 

p 15 While the present invention has been particulariy shown and 

hi described with reference to preferred embodiments thereof, it .should be 

5^ understood by those skilled in the art that the foregoing and other changes 

in fomi and details can be made therein without departing fi-om the spirit 
and scope of the present invention. 
20 These are some methods to perform solid phase crystallization by 

using a metal catalyst. In using such metal catalyst elements, including Ni, 
Fe, Co, Ru, Rh, Pd, Os, Ir, Pt, Cu, Au, etc., the conventional method was 
physical formation such as sputtering method, electron beam evaporation 
method, etc. 

25 In this case, a film including the catalyst of 5 to 200 A in average 

thickness, e.g. 10 to 50 A thick is formed in an island-form on a surface. 
That is 5 the catalyst element is dotted on the surface in the form of 
micrograins with an average diameter of 50 to 200A, The grain are 
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separated from each other by approximately 100 to 10(X)A. la other words, 
it does not form a continuous film in any way, but forms a discontinuous 
film. Consequently, the metal islands form nuclei for crystallization. 
Crystals are grown from the nuclei in an amorphous silicon film on an 
5 insulating substrate by means of a thermal treatment at 450^C to 600°C* 
In the above conventional method, the crystallization temperature 
can be dropped by 50 to IOO°C, in comparison to when such catalyst 
elements are not used for the crystallization. However, the following thing 
became clear as a result of observing the crystallized film carefully. .A 

-Jil..: _niHnber of morphous regions are left and that such regions have a metallic 
property. It is presumed that the metal catalyst is left as they are. 

These metal regions form recombination centers of electrons and 
halls. Adding a reverse bias voltage to a semiconductor device, in 
particular, PI or NI junction because of the metal region existing in the 
15 junction region, it has quite inferior characteristics in that a leak current is 
increased. When thin-film transistoi3 of channel length/channel width— 8 
p.m/ 8jim is formed with such a semiconductor layer, the Off-state current 
is- 10"^^ to 10"^ A, which is IQs to 10^ times larger than 10^^ although an 
OFF=-state current should be as small as about 10^^ A. 

20 The present invention aims at giving the chemical formation method 

which is quite different from above. In order to solve the problem above, 
it is a characteristic of the present invention to form a catalytic layer by 
using a solution (water, isopropyl alcohol, etc.) which contains a metal 
organic compound at a concentration 10 ppm to 100 ppm. For example, 

25 the following metal complex salt can be used as the metal compound. 
Namely, ferrous bromide (FeBr2 6H2O), ferric bromide (FeBr3 6H2O), 
ferric acetate (¥^(€2^1302)3 XH2O), ferrous chloride (FeCl2 4H2O), ferric 
chloride (FeCl3 6H2O), ferric fluoride (J^eF^ 3H2O), ferric nitrate 
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(Fe(N03)3 9H2O), ferrous phosphate (F^(P0^2 8H2O), ferric phosphate 
(FeP04 2H2O) , cobalt' hromide (CoBr 6H2O) , cobalt acetate (Co(C2H302)2 
4H2O), cobait chloride {C0CI2 6H2O), cobalt fluoride (C0F2 XH2O), cobalt 
mtrate (Co(N03)2 6H2O), ruthenium chloride (RuClj H2O), rhodium 
5 chloride (RhCl3 3H2O), palladium chloride (PdCl2 2H2O), osmium chloride 
(OSCI3), iridium trichloride QrCl^ 3H2O), iridium tetrachloride (IrCl^, 
piatiiiic chloride (FtCl^ 5H2O), cupric acetate (Cu(CH3COO)2), cupric 
chloride (CuC}2 2H2O), cupric nitrate (Cu(N03)2 3H2O), auric trichloride 
(AUCI3 XH2O), auric chloride (AUHCI4 4H2O), sodium auric tetrachloride 

^:rlO -- (AuNaCl4 2H20). _ 

=0 The above materials can be dispersed in a solution in a 

^ monomolecular form. This solution can be spread on an entire surface of 

J ;" ; a substrate by spin coating in which the solution is dropped arid then the 

substrate is rotated at a rotational speed of 50 to 500 r.p.m. 

ij 15 When a silicon oxide film of 5 to 100 A thick is formed on the 

surface of a silicon semiconductor in order to improve a wettability of the 
silicon surface with respect to the solution, this thin film can prevent the . 

-'t--. - soiution from becoming spot condition by the surface tension of Equid, It 
is also practicable to improve the wettability of semiconductor silicon 
20 without a silicon oxide film by adding a surface active agent into the 
solution. 

In these methods, the metal catalyst atoms can be dispersed into 
semiconductor through the oxide film. In particular, it is possible to 
promote a crystallizatioa without forming crystal nuclei in the form of 
25 grains. Therefore, it is a favorable method. 

It is also useful to coat the organic metal uniformly and a UV * 
treatment (ozone treatment) in oxygen is performed for formation of a 
metal oxide film. In this case, oxidized organic substance can be vaporized 
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and removed as carboa dioxide, so it is possible to make the solid phase 
■ growth more uniform. 

When the spin coating is carried out only at low rational speed, too 
much metal constituent for solid phase growth is apt to be supplied into the 
5 semiconductor film. Therefore, after the rotation at a iow speed, the 
substance is rotated at 1000 to 10,000 r.p.m,,^.g., 2000 to 5000 r.p,m. 
Thus, an excess organic metal can be eliminated from the surface of 
substrate and the surface can be dried sufficiently. Moreover, it is 
effective to control the amount of the organic metal to be formed on the 
10 — surface, - In the above chemical formation method, a continuous layer can . „ 
be formed on a surface of semiconductor without forming nuclei of metal 
particles for crystallization. 

A metal catalyst layer becomes inhomogeneous layer when it is 
formed by a physical formation method, on the other hand, it becomes 
15 homogeneous layer when it is formed by a chemical method as is the case 
in the present invention. 

In accordance with the above new concept, the crystals can be . 
grown-far more uniformly on mi entire surface of the semiconductor film 
when the crystallization is performed by thermal treatment which is 
20 performed at 450 ""C to 650 "^C. Therefore, it is possible to form excellent 
P"I and N'l junctions by using the thus crystallized semiconductor film. 
In this case, the leak is controlled to be as small as 10"^^ A even if a 
reverse bias voltage is applied. . 

In the case of a physical method, 90 to 100 out of 100 P-I junctions 
25 have a large leak current, that is 10*^^ to 10"^ A and 50 to 70 out of 100 
N-I junctions have 10"^^ to 10"^ leak current. On the other hand, in the 
chemical method of the present invention, 5 to 20 out of 100 P4 junctions 
have a leak current as small as 10'^^ to 10'^ A and 0 to 20 out of 100 N-I 
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junctions have a leak current as small as 10" to 10"^ A. So, the present 
invention improves the characteristics quite remarkably because both an 
OFF-state current and the probability of a film that leak current is large are 
reduced, 

5 Besides, the fine effect can be obtained in both P-channel TFTs 

(having a PIP junctions) and N-channel TFTs (having a NIN junctions) by 
forming the above semiconductor film on an insulating surface. Moreover, 
the present invention can reduce the probability by about 1 or 2 orders that 
TFTs having large leak current are formed. However, if the TFTs are 

10 used for making thin film IC, the profaabiiity_which_ 'lyis h aving large 
current are formed should be decreased 1/10^ to 1/10^. 

In the present invention, after the thermal crystallization, a laser 
light having a wavelength 248 nm or 308 nm is irradiated on the surface 
of the semiconductor with the energy density being at 250 to 400 mJ/cm^. 

15 The absorption of light is larger in the region that metal constituent exist 
largely compared to the silicon region crystallized. That is, the region 
which remains an amorphous structure becomes black optically w^Mle the 
crystal.. constituent is transparent- Because of this, the slightly remaining 
amorphous component can be melted by the irradiation of the laser light 

20 selectively. Further, the metal existing in the amorphous component can 
be dispersed to an atomic level in this manner. 

As a result, it was possible to reduce the possibility that the metal 
regions are formed. within a recrystallized film, and it was possible to 
reduce the leak current of a TFT to 10"-^^ to lO'-^-^ A, and fiirther, when 10"^ 

25 to 10^ pieces of TFTs were manufactural, only 1-3 of them had an 
undesirable large leak current. This is because the metal regions which 
form recombination centers and cause the increase in a leak current are 
removed from the semiconductor film. 
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By spin coating in the present method, the ieak ciirrent of the 
reversed direction i.e. !off is reduced by two orders, and the probability 
which TFTs having a iarge leak current exist can be reduced by two 
orders. Nevertheless, TFTs having a large leak current are formed. 
5 Assumably, the cause of forming such defective TFTs is that dust adheres 
to the surface of the semiconductor, on which organic metal concentrates. 
The characteristic can be improved by the improvement of experimental 
equipment. 

An experiment was conducted in which laser light was irradiated to 

10.^1 a ^film_which„was __obtained by forming a catalyst metal through a 

conventional physical formation method and heat crystallizing. In this 
case, however, an OFF current- could not be reduced at all at P-I or N-I 
junctions when a reverse bias voltage was applied, even if the 
semiconductor is fosed by the irradiation of laser light for recrystallization 
15 because metal grains in the starting film tend to be too big. 

Accordingly, the method which utilizes a chemical formation method 
for forming a continuous layer of an organic metal catalyst is entirely 
different from the conventional method which utilizes a physical formation 
method followed by a thermal crystallization process. It is clearly 
20 understood that the chemical formation method is superior. 

Instead of using a solution for forming the continuous catalyst layer, 
it is possible to utilize a CVD method with an organic metal gas as a 
starting material. The method is quite effective in order to reduce both an 
OFF current and the probability which TFTs having a large leak current 
25 exist. Further^ the process of the present invention is a homogeneous 
-'^--'^ crystal growth, that is, isotropic growth by using metal catalyst. On the" 
other hand, the process of the conventional method is a non-uniform crystal 
growth, that is, a non-isotropic growth by using metal nuclei. 
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In the present Inveadon, there are two ways as to bow fee crystal 
growth occuk; one is that the crystals are grown in the transverse directioH 
with the surface of the substrate and the other is thai the crystals are grown 
IE the vertical direction with the surface of the substrate from the lower 
side of the semiconductor to the upper side thereof or vice versa. In either 
case, it was possible to obtain a semiconductor having an excelent 
electrical characteristics. 
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